Abstract. Calcium phosphate ceramics are one of the most studied biomaterials for bone substitution and regeneration. Bioactivity is one of the most important properties for these materials, and it can be evaluated by adsorption of proteins and by hydroxyapatite formation on the surface in simulated body fluid (SBF). The aim of this work was to evaluate the bioactivity of ceramic granules with various hydroxyapatite (HAp) and beta tricalcium phosphate (β-TCP) ratios by adsorption of bovine serum albumin (BSA) in SBF and phosphate saline buffer (PBS) solution. The highest adsorption capacity in both solutions was observed for biphasic calcium phosphate sample with HAp/β-TCP ratio 50/50 but the lowest -for sample 10/90. The adsorption capacity of all samples was more than 2 times higher in SBF media than in PBS. The possibility of hydroxyapatite formation was evaluated by changes of Ca 2+ concentration in SBF. After 5 days of incubation at 37 ºC all samples showed a decrease in Ca 2+ concentration.
Introduction
Hydroxyapatite (HAp), β-tricalcium phosphate (β-TCP), and biphasic calcium phosphate (BCP), which is a mixture of HAp and β-TCP, are calcium phosphate based ceramics and the most studied biomaterials for bone defect repair [1] . One of the main requirements for these biomaterials is to be bioactive. The bioactivity of calcium phosphate based biomaterials can be evaluated by adsorption of proteins [2] and by hydroxyapatite formation on the surface of material in simulated body fluid (SBF) media [3] . Proteins act as contact for cell attachment, therefore their adsorption on implant material is important for bonding the biomaterial to the bony tissue [4] . The most abundant protein in the circulatory system is bovine serum albumin (BSA); therefore, this protein is mostly used in vitro studies in order to evaluate the bioactivity of calcium phosphate ceramic powders [4, [5] [6] [7] and disks [6] . In most of these studies pure or modified HAp is used. In this research the influence of HAp/β-TCP ratio on BSA sorption was investigated.
Usually the working media for adsorption process onto calcium phosphate based ceramics is phosphate buffer solution (PBS) [4, [5] [6] [7] although the ion composition and concentration in SBF is nearly equal to those of human plasma [3] . Therefore in this study BSA sorption results in both SBF and PBS media are presented. The possible formation of hydroxyapatite on samples is determined by the changes of calcium ion concentration in SBF after incubation of samples for 5 days.
Materials and Methods
Preparation of granules. HAp, β-TCP and BCP were synthesized by wet precipitation method from calcium hydroxide and phosphoric acid. The obtained precipitate was matured overnight, filtered and used to form granules. The obtained paste was pressed through 1.4 mm sieve, dried at 80 °C, sieved through 1.4 mm sieve, sintered at 1150°C for 2 h, and sieved using vibrational sieves to gain granules with fraction 0.5-1 mm.
Characterization methods. HAp and β-TCP phases were identified using X-ray powder diffraction (XRD) (Panalytical X'Pert PRO, USA) with a step size of 0.001º 2θ, 5 mm irradiated area and 1/2º anti-scatter slit. The ratio of HAp and β-TCP phases was determined using Profex -a graphical user interface for Rietveld refinement of powder X-ray diffraction data with the program BGMN. Granules with HAp/β-TCP ratio 100/0, 80/20, 50/50, 30/70 and 10/90 were used. The granules were characterized with specific surface area (SSA) and bulk density. SSA was determined by nitrogen gas adsorption performed with QuadraSorb SI (Quantachrome Instuments, USA). The SSA was calculated according to Brenauer-Emmett-Teller (BET) method. The bulk density was determined by weighting 5 ml of granules in a cylinder. Surface morphology was investigated with scanning electron microscope (SEM) Phenom ProX (PhenomWorld, The Netherlands) Sorption experiments. Protein solutions were prepared in SBF solution and PBS at pH 7.4 by dissolution of BSA ( ≥ 98%, Sigma Aldrich) with concentration 2 mg/ml. Before protein dissolution both solutions were heated up to 37 ºC. 0.1 g of granules were mixed with 8 ml of BSA solution and incubated at 37°C with continual agitation for 5, 10, 15, 30 minutes, 1, 2, 3, 17 and 24 hours. The residue concentration was determined at 280 nm using UV-VIS spectrophotometer Evolution 300 (Thermo Fisher Scientific, USA). All calibration solutions also were incubated in at 37 °C and measured each time together with samples. All measurements were carried out at least in triplicate.
Incubation in SBF media. 0.1 g of pure dry granules were immersed in 15 ml of SBF and incubated at 37 ºC for 5 days. Then Ca ionic concentrations were measured perfectION TM (Mettler Toledo, USA). The concentrations of Ca ions in the experimental solutions were calculated using software LabXpro titration Version 3.1.
Results and Discussion
The obtained results show that sample 50/50 have the highest but sample 10/90 the lowest sorption capacity in both SBF (see Fig.1 and Table 1 ) and PBS (see Fig.2 and Table 1 ) media. Other samples show mutually similar sorption results. Sample 50/50 have the lowest bulk density (see Table 1 ) but it increases by increasing the amount of HAp or β-TCP phases. The sorption capacity is related to the specific surface area where sample 50/50 have the highest but sample 10/90 the lowest values (see Table 1 ). The difference in specific surface area is due to differences in morphology of these granules (see Fig.3 ). These results correlate with our previous research [8] about in vitro osteoblast cell behavior on calcium phosphate ceramics, obtained by the same synthesis and with similar HAp/β-TCP ratio. Results showed that sample with HAp/β-TCP ratio 60/40 showed the highest cell proliferation rate (related to pure HAp) and the lowest rate was for sample with pure β-TCP. In SBF media a detectable amounts of BSA were adsorbed starting from 15 to 30 minutes, but in PBS media -starting from 30 to 60 minutes. Based on the curves in Fig.1 the maximum sorption capacity in SBF could be already reached after 24 hours.
In SBF media all samples adsorbed more than two times higher amount of BSA than in PBS media. The reason for such results could be explained with the differences in media ion content -SBF solution contains more ions than PBS and some of them with higher concentrations. PBS contains approximately 4 times higher concentration of phosphate ions and research [9] shows that by increasing the concentration of phosphate ions the adsorption of BSA rapidly decreases, because these ions have higher affinity for Ca 2+ ions on HAp surface than COOH -groups in BSA. The presence of Ca 2+ ions in SBF increased BSA adsorption, probably due to binding with BSA and therefore making bridge between BSA and HAp surface. Also the increase of Na + ions sligthly increases BSA adsorption and only SBF solution contains Na + ions [9] . 1.23 ± 0.02 0.05 ± 0.01 0.7 ± 0.1 3.0 ± 0.5
Fig. 4 Concentration of calcium ions in SBF and after incubation of samples for 5 days
After incubation for 5 days at 37 ºC in SBF solution the concentration of Ca 2+ decreased for all samples (see Fig.4 ). The lowest Ca 2+ concentration was observed after incubation of sample 50/50. Other samples showed mutually similar Ca 2+ concentrations despite the solubility differences between both phases -HAp is more stable than β-TCP [10].
Summary
All calcium phosphate ceramic granules showed sorption properties towards BSA in both media. The sorption capacity of granules correlates with their specific surface area. Sample with HAp/β-TCP ratio 50/50 showed the highest BSA adsorption and also specific surface area. Sorption in SBF media was more than 2 times higher than in PBS, therefore we believe that it is more appropriate to use SBF media for bioactivity evaluation of biomaterials. Also the chemical composition of SBF is almost equal to human plasma. The decrease in calcium ion concentration in SBF after incubation for 5 days was observed for all samples; sample 50/50 showed the largest decrease. Based on the obtained results, all samples showed bioactivity.
